It is obvious that creep is one of important characteristics of surrounding rock in soft rock tunnel. There was less study on creep process of surrounding rock in the past which affected the engineer's judgment to long term stability of tunnel seriously. In this paper, the Cvsic model is selected and its parameters are determined based on soft rock creep test results, furthermore, the software FLAC 3D was used to analyze the viscoelastic plastic creep process of surrounding rock in soft rock roadway. The results show that: the maximum creep rate occurs at the moment when the soft rock tunnel is excavated , then the creep rate decreases and finally evolves into steady creep; it will initially form a creep zone in the tunnel surface and then the deep surrounding rock will also form a damage zone by stress adjustment, forming a larger creep area; hoop stress decreases while the radial stress increases gradually from the surface to the deep rock mass of roadway, and eventually both will approach to the initial in-situ stress ; The plastic zone will gradually expand after the excavation of viscoelastic-plastic tunnel and tend to be stable when reaches to the steady creep stage. The hoop stress on the border between elastic and plastic zone of the surrounding rock reaches to peak stress; the deformation of surrounding rock changes suddenly and the deformation rate, the area of plastic zone increase with the increase of moisture content in the process of creep.
Introduction
The 21st century is recognized as a century of underground space all around the world. There are a lot of underground roadway projects, moreover, much of them are located in the soft rock tunnel, in which it is likely to be with expansive feature and the deformation of creep is obvious, causing serious problems related to both long term stability and safe operation of soft rock.
Many researches have been down on the creep characteristics of rock, e.g. literatures [1] [2] [3] have studied the creep characteristics of rock and established a suitable model and corresponding parameters through indoor creep experiment. However, there are a lot of differences between the creep mechanism of surrounding rock and rock specimen [4] , Professor Qiu-yan Fan et al [5, 6] made a study on creep mechanism and found that: the process of rock creep is crack extension and adjustment of stress continually, but lacking evidence of quantitative analysis; The creep mechanism of soft rock is the result of combination of creep damage and hardening. Su-ping Zhu and Chu-liang Zhou observed that the creep rate is proportional to the original rock stress of surrounding rock but inversely proportional to the elastic constants when it is excavated by analyzing the plane strain problem of circular cavity with the rheological mechanics method. Peng and Kaiser [7, 8] pointed out that the damage of surrounding rock creep is irrelevant to time and the creep deformation depends on the elasticity of the peripheral area.
It is necessary to do comprehensive research on creep process and mechanism of soft rock roadway by numerical stimulation method when considering the computational complexity of creep process of surrounding rock of roadway. In this paper the numerical software FLAC 3D is applied to analyze the creep process of soft rock tunnel surrounding rock. What is more, the mechanical model selected is used to discuss not only the viscoelastic plastic creep ,but also the significant influence with increase of moisture content in the process of creep. 
The Viscoelastic Plastic Creep Constitutive Equation of Soft Rock and its Verification
Thus it can be seen that: Burgers model includes the instantaneous elastic, creep, stress relaxation, elastic hysteresis and viscous flow characteristics , etc, and its creep equation is made of attenuation creep increased with time linearly and steady creep changed exponentially with time; it can effectively describe the mechanics characteristics of the three creep stages of the attenuation, steady and accelerating creep of soft creep.
Cvsic models, a combination of the Burgers model and other plastic components, installed in FLAC 3D is selected as the calculating viscoelasticplastic model. Therefore, the creep viscoelasticity mechanics parameters of Cvsic model and Burgers model are the same.
Based on the indoor creep test results, the parameters of viscoelastic-plastic constitutive model were obtained through the method of inversion analysis. The test results quoted from literature [9] where specimens are expansive mudstone taken from a certain underground project and the author made parallel experiment with different specimens with water content 3.58%,4.35%, 5.01% respectively. All the specimens are cylinders of the same size with 25 mm in diameter, 50mm in high and 2:1 height-diameter ratio. Figure 1 shows creep strain under different water contents and the same deviatoric stress. Based on Figure 1 , the experimental data of the moisture content of 5.01% was selected to calculate through curve fitting analysis using Mat lab, the creep equation obtained is as follows:
5. 65 10 3. 3382 10 0. 0028(1 ) .
According to the Eq. (2) and
E,G,K is the elasticity modulus ,the shear modulus and modulus of volume elasticity, μ is the Poisson's ratio.), the results are as follows: Take E=2.79GPa and μ=0.25 in accordance with literature [9] respectively. Furthermore, based on the mutual relation between each parameter ,the calculation results are K=1.86Gpa,GM=7.0796Gpa,GK=1.4286GPa, GM, GK refer to the shear modulus of Maxwell and Kelvin respectively. From what has been discussed above, the creep parameters of constitutive model of soft rock in this paper are listed in Table 1 . In order to validate the rationality of Burgers model and its parameters selected, a comparison between the numerically computed and tested results(in Figure 2 ) was made. The simulated and experimental results showed good agreement, so that it can be found that the model of Burgers and its parameters presented here are competent. 
Numerical Simulation on Viscoelastic Plasticity Creep process of Surrounding Rock
In this paper, numerical simulation of the creep characteristics of surrounding rock of circle cross section roadway is based on the Cvsic model installed in FLAC
3D
. To simplify the calculation and analysis ,three assumptions are under consideration:(1) The discussion and analysis are made in plain strain conditions;(2) The whole rock mass is supposed to be a isotropic body;(3) Take the lateral pressure coefficient λ=1 and gravity is ignored.
numerical model of soft rock roadways
As shown in Figure 3 ,the FLAC 3D numerical model of surrounding rock in soft rock roadway was established. The simulated test area with its fixed horizontal axis of vertical displacement and horizontal displacement of vertical shaft respectively is 60 square meters with applied uniform compressive stress of 7MPa around. The simulated sample is soft mudstone, with creep parameter values provided in Table 1 ,and its basic physical and mechanical parameters are listed in Table 2 . apart from the center of the tunnel with 3m, 4m, 5m, 6m, 21m, 9m, 12m, 15m, and 18m, respectively. Figure 4 shows the displacement contour of surrounding rock on the 18th day. It shows that the displacement contour are composed of a series of concentric circles, indicating that the displacement of monitored points with the same distance from the center of the tunnel are consistent; Contours near the surface of tunnel surrounding rock are dense while that in depth are very sparse. Furthermore, the distance between boundaries of concentric circles is widening, illustrating that the deeper in the tunnel, the lower variation of displacement. Figure 5 is the displacement variation in different depths outer of the tunnel during the period from the 1th to 18th day .It expresses that the creep occurs firstly on the surface of surrounding rock and creep rate reaches to maximum value the time the tunnel is excavated. Figure 5 also describes the variation of creep of each points in the period of attenuation and steady period, and the lowermost curve and the uppermost curve refer to the monitoring points apart from the center of the tunnel with 21m and 3m , respectively. The deeper in the tunnel is, the later start time of creep is, moreover, the lower magnitude of displacement is.
The creep state of different place in surrounding rock was provided in Table  3 . The onset time of the stable creep stage of the monitored points3-6 meters away from circle centers is all on the fifth day, but much later with the depth increased at other points. As to the onset time of deceleration creep stage, the later the points deeper from the circle center. Figure 6 and figure 7 are the radial stress and the hoop stress contour respectively(compressive stress is negative, while tensile stress is positive). Table 4 describes the peak stress characteristics at six time calculation point. (a)t=1d (b)t=3d (c) t=18d Figure 6 . The radial stress contour.
The temporal-spatial distribution features of stress field of surrounding rock
From figure 6 and figure 7 ,it is easy to find that the radial stress and hoop stress change versus time. In addition, with the extension of the depth ,the hoop stress is decreasing while the radial stress increasing step by step from the surface to the deep rock of roadway, and finally both will tend to the initial insitu stress. During the period of creep, the stress is adjusting constantly. In this aspect, the adjustment of the stress is correspond to a multi-stage loading process in the surrounding rock. There is no fixed value of surrounding rock stress and each points was under different stress condition at different times. In figure 7 , it also suggested that the hoop stress would reach to a maximum value which is the peak stress and the distribution of the peak stress evolution from the surface to the deep of rock mass but the position of the peak stress may not actually change, only to change slowly in the magnitude for a certain period.
)t=1d (b)t=3d (c) t=18d Figure 7 . The hoop stress contour. Figure 8 is the contour of plastic zone versus time. The plastic zone is a non standard circular distribution caused by the poor accuracy of meshing. As shown in figure 8 ,the plastic zone increasing versus time, the primitive plastic zone in deep surrounding rock develops faster compared with the later stage where it expands slowly and finally it would not change any more and tend to be stable.
The distribution features of plastic zone of surrounding rock

The influence of moisture on creep of surrounding rock
There are a lot kinds of rock mass with water absorbability and swelling property in soft rock underground projects and the moisture content has great influence on the stability of expansive rock tunnel. The creep characteristics of surrounding rock during the process of first creep then absorbing water is analyzed with numerical simulation method. In order to reflect the influence of moisture variation on creep characteristic, the simulation process is proposed as follows: take creep into consideration merely at the first ten days, and thereafter divide the condition of surrounding rock into absorbing water and not absorbing water two categories. Figure 9 shows the calculation model. To simplify the calculation and analysis, three assumptions are under consideration: (1) the plastic zone has water absorbability only; (2) the thickness of the plastic zone and moisture content of surrounding rock is 1.098m and 3.85% respectively.(3)the moisture content of water-uptake model changes to 5.01% but moisture content of nonabsorbent model remains the original moisture content. Other assumed conditions are the same as the model established in section 3.1 and Table 5 is mechanical parameters of model. Figure 10 shows the creep characteristic curves under conditions of absorbing water and not absorbing water. The thickness of the plastic zone under different conditions is provided in Table 6 . Based on figure 10 and table 6, it is easy to find that the displacement mutation occurred and creep variable and rate increased when the surrounding rock absorbed water; Furthermore, it leads to the increase of the thickness of the plastic zone which develops to the surrounding rock at depth. It is seen that moisture content has great influence on the creep characteristics, which reduce the stability of surrounding rock.
conclusions
(1) Based on the creep test results of expansive mudstone, this study obtained the viscous-elastic-plasticity constitutive model parameters of Burgers model with Mat lab software, and numerical simulation and analysis of mudstone creep was carried out by the Burgers model installed in FLAC3D,reflecting that the model selected and its parameters were rational and valid.
(2) The distribution features of creep displacement field of surrounding rocks in uniform stress field indicates that: 1. The model can describe the variation in sequence well, i.e. the period of acceleration, attenuation period and period of steady of creep, and shows that the maximum creep rate occurs at the moment when the soft rock tunnel is excavated. 2. In the tunnel surface the creep develops initially and then progresses inward to internal surrounding rocks, forming a larger creep area. 3. The rate and variation of creep decreases gradually from surface to deep position.
(3) The distribution features of creep stress field of surrounding rocks in uniform stress field shows that:1. The radial stress increases step by step from the surface to the deep rock of roadway while the hoop stress is on the contrary, and both will tend to the initial in-situ stress eventually. 2. During the period of steady, the surrounding rock has no significant change, only with minor adjustment.
(4) The distribution and variation features of plastic zone demonstrates that: 1.The radius of plastic zone extends continuously at the early stages after the excavation and the distribution of plastic zone would tend to be stable in the period of steady. 2. The hoop stress on the border between the elastic and plastic zone of surrounding rock reaches to the peak value.
(5)Moisture content has significantly influence on the creep characteristics of surrounding rock: deformation rate, the area of plastic zone and creep value will increase that reduce the stability of surrounding rock with the increase of moisture content.
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